One hundred thirty-eight swine abortions were studied in detail in an effort to identify an etiologic agent. A viral agent was implicated in 7 cases. Bacteria were isolated in less than half of the examined cases; however, in 61% of the cases, motile, filamentous organisms were observed in tissues and fluids. Although swine sera from farms experiencing reproductive problems had a high reactor rate to Leptospira bratislava antigen, electron microscopy of the observed organism revealed a wall-free prokaryote morphologically typical of the class Mollicutes.
In recent years a very fastidious leptospire, Leptospira bratislava, has been isolated in Iowa. 5 Serologic surveys in other states have demonstrated a high reactor rate to this organism, 6, 7 and it is postulated that it may play a role in abortion and infertility in swine. [3] [4] [5] [6] [7] The Indiana Animal Disease Diagnostic Laboratory (ADDL) has experienced an increase in numbers of late-term swine abortion accessions in which motile filamentous "spirochete-like" organisms were identified by darkfield microscopy of fetal tissues. Tissues, body fluids, and sera from aborted fetuses were studied in detail in an effort to further characterize the abortion syndrome and to identify the etiologic agent.
Swine fetuses were examined grossly and histologically and tissues were cultured for bacterial and viral agents. Sera from aborted fetuses, their dams, and swine on farms experiencing increased abortions and stillbirths were tested for antibodies to Leptospira, Brucella, and porcine parvovirus. Darkfield and electron microscopic examinations were performed on fetal tissues and fluids.
The purpose of this communication is to report the results of these studies, which were consistent with a hypothesis that a wall-free prokaryotic microorganism similar to Spiroplasma sp. is associated with late-term swine abortion.
Materials and methods
Bacteriologic studies. Of the 138 abortion/stillbirth accessions submitted to the ADDL between July 1986 and June 1987, fetal tissues and fluids from 130 were examined. Each accession or case represented from 1 to 3 fetuses, usually from a single dam. Rarely, more than 3 fetuses or fetuses from 2 dams on the same premises were included in a single accession. Bacteriological culture for aerobic and microaerophilic organisms were performed on lung, liver, and kidney from 130 accessions. Primary isolation plate media used were 5% sheep blood, and MacConkey agar. Forty-seven tissues testing positive for motile filamentous "spirochete-like" organisms by darkfield microscopy of tissue blots were cultured for leptospires in Ellinghausen-McCullough (polysorbate 8O) 2 media and examined weekly for 11 weeks.
Virologic studies. Direct fluorescent antibody tests (FAT) were performed on frozen lung, liver, kidney, and brain tissues for porcine parvovirus, swine influenza, hemagglutinating encephalitis, and pseudorabies viruses as described. 8 Suspensions of lung, liver, kidney, and brain were inoculated onto cultures of swine testicle cells maintained in Kanitz special medium (KSM). 9 The cultures were incubated at 37 C and examined daily for cytopathic effect. Cells were screened for porcine parvovirus by FAT.
Histopathologic studies. Fetal tissues were fixed in 10% buffered neutral formalin. Sections were stained with hematoxylin and eosin (HE) and examined. Some darkfieldpositive cases were stained with either Warthin-Starry or Levaditi staining techniques. l2 Serologic studies. Fetal sera from 61 accessions were collected and tested for presence of antibodies to porcine parvovirus by standard indirect immunofluorescence. l0 The 61 sera were also tested for antibodies to Leptospira bratislava, grippotyphosa, pomona, canicola, icterohaemorrhagiae, and hardjo by the microscopic agglutination test (MAT). 1 Serological testing for antibodies to the 6 leptospiral serovars was also performed on 1,414 porcine sera from farms throughout Indiana, most of which were experiencing reproductive problems.
Electron microscopic studies. Electron microscopic (EM) studies were performed on fetal sera and thoracic and pericardial fluids containing large numbers of filamentous "spirochete-like" organisms. Fetal fluids were fixed by adding 3% phosphate-buffered glutaraldehyde to a final concentration of 1% glutaraldehyde. The fixed organisms were pelleted by centrifugation at 12,100 x g for 15 min. They were either negatively stained with 1% phosphotungstic acid or were postfixed with osmium tetroxide and potassium ferrocyanide ed, 3 leptospiral isolations were made. Two of these and processed for transmission electron microscopy. 11 isolations were identified serologically as Leptospira
Results
Clinical signs andpostmortem examinations. When case histories and fetal tissues from swine abortion submissions were examined, a distinct pattern emerged. A typical clinical history accompanying fetal submissions indicated that sows or gilts either aborted within l-3 weeks of the expected farrowing date or delivered a litter of dead, full-term piglets. Anorexia and fever in the dam were occasionally noted 2-6 days prior to abortion. Late-term abortion was confirmed by fetal crown-rump measurements of 17 cm or greater in 74% of cases. Other consistent postmortem findings included fetal stomachs distended with fluid, enlarged, congested kidneys, and congested livers. Mummification was rarely observed, and most submitted fetuses had not undergone putrefaction prior to expulsion.
Bacteriology. Bacteria were isolated and identified in 57 (44%) of 130 accessions examined (Table 1) . Fetal lung, liver, and kidney were examined by darkfield microscopy for the presence of leptospires in 124 accessions. Motile, filamentous "spirochete-like" organisms were present in tissue blots of 76 (61%) cases examined. The organisms exhibited progressive movement, had slightly thickened, knob or hook-shaped ends, and ranged between 5 and 25 µm in length ( Fig. 1) . Of the 47 accessions in which leptospiral culture was attempt-grippotyphosa. Both were separate submissions from the same premises. The third isolate was identified serologically as Leptospira pomona.
Virology. Of the 121 accessions in which fetal tissues were examined by FAT for pseudorabies virus and porcine parvovirus, 1 case was positive for pseudorabies. Fifteen cases examined by FAT for swine influenza and hemagglutinating encephalitis virus were negative. Porcine parvovirus was isolated in swine testicular cell culture from pooled tissues of 1 mummified fetus. Five of 61 sera tested for antibodies to porcine parvovirus were positive at a dilution of 1:16. No virus was identified in the remaining 114 examined accessions.
Histopathology. Histologic evidence of bacterial infection of the fetus was present in 46% of cases from which a bacterial isolate was obtained. Neutrophilic infiltration into pulmonary interstitium and/or airways was observed in fetal tissues from 28 accessions. This represented 30% of cases positive for motile filamentous "spirochete-like" organisms and only 13% of cases negative for these organisms. Bacteria were isolated from less than half of darkfield-positive cases exhibiting neutrophilic pneumonia. Necrotizing hepatitis was present in 6 cases, neutrophilic meningitis was observed in 3 cases, and nephritis was evident in 3 cases.
An additional 3 cases had neutrophilic debris in collecting ducts of the renal pelvis. Spirochetes were not identified in silver-stained sections of affected fetal tissues.
Leptospiral serology. Fifteen (25%) of the 61 fetal sera tested had antibody titers of ≥ 1:100 to Leptospira icterohaemorrhagiae. One of these sera also had a titer of 1:100 to L. bratislava. In another serum, an antibody titer of 1:100 to L. grippotyphosa was detected.
In 21 accessions positive for motile filamentous "spirochete-like" organisms, follow-up leptospiral serology was performed on the dam's serum. Seventysix percent of sera examined had antibodies to multiple leptospiral serovars, including L. bratislava. Three sera had antibody titers of ≥ 1:100 to only 1 tested serovar, bratislava, icterohaemorrhagiae, and grippotyphosa. Leptospiral reactor rates of 1,414 porcine sera from Indiana are shown in Table 2 . The reactor rate was high for bratislava, icterohaemorrhagiae, and grippotyphosa if an antibody titer of ≥ 1:100 is considered significant.
Electron microscopy. Fetal fluids from 6 different accessions were examined by EM to determine whether the motile filamentous organism observed by darkfield microscopy had typical leptospiral morphology. Figure  2 shows typical images. In negatively stained preparations the organism appeared either as a filamentous strand with a small swelling or knob at each end, or as a beaded filament with small, oval-shaped forms "pinching off" the ends ( Fig. 2A, 2B ). Clusters of small forms similar to "medusa" forms were identified (Fig.  2C ). The organisms ranged in size from 0.08 to 0.2 µm in diameter and 4 to 10 µm or more in length. No evidence of axial filaments, coiling, or hooked ends typical of leptospires could be seen. Transmission electron microscopy revealed that the organism was bounded by a single unit membrane typical of organisms in the class Mollicutes (Fig. 2D ). Fibrils were observed immediately beneath the unit membrane.
Discussion
In these studies of 138 late-term swine abortions, 7 were diagnosed as being caused by a virus. Bacterial isolations were made in 57 accessions; however, 26 had no histologic evidence of fetal bacterial infection.
Motile filamentous "spirochete-like" organisms were identified by darkfield microscopy in 76 (6 1%) of accessions studied. The most consistent histologic lesion associated with darkfield-positive tissues was neutrophilic infiltration in pulmonary interstitium and/or airways, which was observed in 30% of positive cases. Serologic data showed a high incidence of antibodies to L. bratislava in dams of aborted fetuses and in herds experiencing reproductive problems. Antibody titers were low and difficult to interpret. Because most animals tested were previously vaccinated with 5-way leptospiral bacterin, it was unclear whether a titer of 1:100 was due to infection or to cross-agglutination with antibodies induced by vaccination. Using an antibody titer of 1:200 or 1:400 as the breakpoint for significance, the reactor rates changed markedly. With these breakpoints, reactor rates were higher for icterohaemorrhagiae than for bratislava.
Electron microscopy of the motile, filamentous "spirochete-like" organisms observed by darkfield microscopy revealed organisms that did not have a cell wall, hooked end, axial filament, or coiled shape consistent with leptospiral morphology. They were bounded by a single unit membrane, as is typical of organisms in the class Mollicutes. Periodic fibrils consistent with spiroplasmal morphology could be identified immediately beneath the plasma membrane, and the size range of organisms was also similar to Spiroplasma. l3 Organisms assumed "medusa" and beaded forms similar to those reported in aged Spiroplasma cultures. l3
Although the unidentified organism lacked the helical morphology typical of Spiroplasma, nonhelical strains of Spiroplasma citri have been reported, and aging cultures lose their helical morphology, assuming a beaded appearance similar to that observed with the unidentified organism. l3 The data reported in this study suggest that the motile filamentous "spirochete-like" organisms observed with increasing frequency in swine abortions in Indiana are not spirochetes, but rather a wall-less prokaryotic organism of the class Mollicutes.
